Limited information is available to producers in the northern Great Plains on the influence of tillage operations on flea beetle damage (Coleoptera: Chrysomelidae), oilseed production, weed density, and residue cover after harvest. In much of the Great Plains, zero tillage farming systems are replacing conventional tillage, a decision influenced by soil, nutrient and water conservation (Drury et al. 1995 , Gish et al. 1993 , Williams et al. 2000 , economics and in the USA, federal farm policies. Studies have shown that zero tillage management may reduce weed seedling recruitment and survival by residue accumulation acting as light and physical barriers to emerging seedlings (Facelli and Pickett 1991 ) . Zero tillage improves soil moisture by trapping snow, reducing runoff of both snow and rain water, and providing insulation from evaporative losses. Improved surface moisture retention allows producers to seed less deep, providing for more uniform germination and early seedling emergence. Entomol. Sci. Vol. 42, No. 1 (2007) Zero tillage often provides better yields compared with conventional tillage systems, especially during dry years (Burgos and Talbert 1996) . However, it is also believed that herbicide requirements increase and crop residues remain on the soil surface longer, increasing the potential for diseases (Tekauz and Howard 1988, Lynch 1977) . Zero tillage systems often require more management with respect to weed control , fertilizer application and seed placement (Xie et al. 1998 ). All tillage systems need to be continually modified in response to changing conditions and circumstances, and flexibility of soil, weed, and insect management is required . Flea beetles are consistently the most damaging insect pest of canola in the northern Great Plains and can reduce stands and yield if not controlled (Burgess 1977) . Introduced into North America from Eurasia in the 1920s, the crucifer flea beetle, (Phyllotreta cruciferae (Goeze)) is now distributed across the grasslands of southern Canada and the northern USA (Beirne 1971 , Burgess 1977 . Flea beetle eggs are laid in the soil and hatch into larvae that feed on the roots of the canola plant (Westdal and Romanow 1972, Burgess 1977) . Adults feed on canola cotyledons and early leaves of seedlings producing a characteristic 'shotholing' damage which, when severe, results in slower rate of growth or even plant death.
Flea beetle populations are influenced by soil disturbance and crop residue cover and are typically more prevalent in conventional than zero tillage systems (Milbrath et al. 1995) . Dosdall et al. (1999) documented that flea beetle damage to canola (Brassica rapa L. , 8. napus L.) seedlings was affected by seeding methods with canola in zero tillage systems less damaged compared with canola in conventionally tilled seedbeds. Additionally, Dosdall et al. (1999) reported that, in 2 of 3 yrs, increased seeding rate and greater row spacing resulted in less damage to canola by flea beetles. Seedling oilseeds, such as canola and yellow mustard (Sinapis alba L.), in no-till plantings may be less apparent to flea beetles than seedlings in tilled plantings, and thereby escape damage at their most vulnerable stages (Banks 1998) .
In some years, warm , dry soil conditions prevail in the northern Great Plains. Conventional tillage systems increase evaporation, resulting in warmer, drier soil. Drought damage reduces early season growth of seedling Brassica (Good and Maclagan 1993) . When plants are stressed, particularly during periods of drought, the damage by flea beetles can be more severe (Torresen et al. 1999, Nowatzki and Weiss 1997) . Spring crops are particularly susceptible to flea beetle infestation if the number of adult insects in the previous fall were higher than normal (Brandt and Lamb 1994) .
Presently, no canola varieties are resistant to flea beetle damage (Bodnaryk 1997 , Gavloski et al. 2000 , but Bodnaryk and Lamb (1991) documented that yellow mustard was more tolerant of flea beetle damage than canola . Our objectives were to determine the effects of oilseed species, insecticidal seed treatment, and tillage system on: (1) oilseed stands and production , (2) flea beetle damage, (3) density of volunteer barley, (4) seed yield, and (5) postharvest soil residue cover.
Materials and Methods
Field trials were conducted in 1998, 1999 and 2000 at the Central Agricultural Research Center, Moccasin, MT. The experimental design was a split-split plot with tillage systems, conventional versus zero tillage , as the main plot factor. Subplots were the oilseed entries, yellow mustard 'Tilney' and Polish canola 'Hysyn 11 O'. Subsubplots were preplant seed treatment with formulated imidacloprid (Gaucho™ , Bayer Crop Science, Research Triangle Park, NC) at 6.7 g kg-1 and untreated controls . Individual subsubplot size was 3.8 m x 6.1 m in 1998 and 2000, and 3.0 m x 7.6 m in 1999. Plot areas had been cropped to barley the year prior to our planting oilseeds. Conventional tillage was done prior to planting each year by a single pass with standard , overlapping sweeps and rods mounted on a tool bar. A preplant application of glyphosate (Roundup Ultra™, Monsanto Company, St. Louis, MO) at 421 g ha-1 with 931 ha-1 water was done each year. Plot areas were broadcast fertilized with 67 kg ha-1 P 2 0 5 as monoammonium phosphate, 34 kg ha-1 sulfur as ammonium sulfate , and 90 kg ha-1 N from ammonium sulfate and ammonium nitrate. Plots were seeded on 4 May 1998, 7 May 1999, and 25 April 2000 on 25 cm centers at 6.7 and 9.0 kg ha-1 , for canola and yellow mustard, respectively, using a cone planter with double disc-openers in 1998 or a no-till shoe (hoe drill) in 1999 and 2000. Stand counts and flea beetle damage ratings were taken post emergence on 25 and 29 May 1998, 25 May and 1June1999, and 15 and 23 May 2000. Stand counts were determined by counting plants in one 0.91 m per row per plot, except on the first date in 2000 when plants were counted in two 0.91 m per row per plot. Flea beetle damage ratings were taken at cotyledon and cotyledon + first leaf stages using a numeric scale from 0-6, where 0 = no damage, 1 = 1-2 shotholes per cotyledon, 2 = 3-4 shotholes and up to 10% damage, 3 = 11-25% damage, 4 = 26-50% damage, 5 = 50-75% damage, and 6 = 76-100% damage. Damage ratings were taken from all plants counted for stand determinations, with mean and SE of 34.1 and 1.45 plants m-2 , respectively, across the six sampling dates. Density of volunteer barley was determined on 25 May 1998 and 1999 by counting the number of plants in a 30 x 91 cm area in each plot. After counts were taken, volunteer barley plants were controlled by hand-hoeing (1998) or sethoxydim (Poast™ , BASF, Parsippany, NJ) (92 g a.i. in 93 L ha-1 H 2 0) (1999) to prevent crop yield loss. Oilseed yields were determined following harvest of a 1 .5 m wide cut through the length of each plot with a selfpropelled combine. Postharvest soil residue cover was determined by line-transect (Shelton et al. 1993 ) using a standard US Department of Agriculture, Natural Resources Conservation Service (USDA, NRCS) residue kit on 100 points per plot immediately after harvest of yellow mustard. Analysis of variance and mean separation procedures for a split-split plot arrangement were done using PC-SAS, version Be (SAS Institute 1988).
Results and Discussion
Analysis of variance showed that the effects of year and interactions of treatment with year were significant (P = 0.05) for all parameters, so results are presented from analyses within years.
Only 15 mm of precipitation occurred in April 1998, all prior to the 18 1 h day. Average stand counts of canola and yellow mustard were greater in conventional tillage plantings than in zero tillage in 1998 (Table 1 ) . Very dry, hard soil, due to drought, delayed germination and emergence in 1998. Seed-soil contact may not have been optimal in the zero-tillage planting. However, stands were similar and did not differ by tillage treatment in 1999 and 2000 plantings, when April precipitation was 31 and 35 mm , respectively , and soil moisture was adequate for prompt germination and emergence of oilseeds. In our trial, imidacloprid seed treatment did not influence early-season stand density of canola or yellow mustard. However, in field trials with highly damaging levels of flea beetles, Lamb (1984) Oilseed entry and imidacloprid seed treatment significantly influenced flea beetle damage ratings (Table 2) . Damage ratings differed significantly by year and date for each of the plant species. For three of the six sampling dates, canola had higher damage ratings than yellow mustard, regardless of seed treatment. Seed treatment resulted in less damage than nontreated controls across oilseed entries , sampling dates and years . Canela without imidacloprid seed treatment was considerably more damaged than was treated canola, but the differences for damage between seed treated and control yellow mustard were much less (Table 2) .
For 1 of 3 yrs , seedling oilseeds were less damaged by flea beetles in zero-tillage than in conventional tillage plantings (Table 3 ). The tillage system x oilseed species interaction was significant for flea beetle damage on the 25 May sampling date in 1998. On this date, canola was more damaged than yellow mustard in the conventional tillage treatment, but damage ratings were similar under zero tillage. On both sampling dates in 1999, and the other date in 1998, oilseed seedlings in conventionally tilled plantings were slightly more damaged than those in zero tillage plantings. In 2000, canola was more damaged than yellow mustard, regardless of tillage treatment. Dosdall et al. (1999) reported greater damage to canola seedlings by flea beetles in conventional tillage than in zero-tillage plantings and concluded that lindane seed treatment was not warranted in central Alberta, Canada, when Argentine or Polish canola were grown in zero-tillage systems. Our results show that imidacloprid seed treatment generally decreased damage on seedling oilseeds .
In our trial, volunteer barley density was significantly greater in conventional plantings than in zero tillage plantings in both 1998 and 1999 (Table 4) . Oilseed species, and interactions with tillage , did not have significant effects on density of seedling volunteer barley. Marshall et al. (1989) documented a high level of interference by volunteer barley on rapeseed (B. napus) yield , with a density of 30 plants per m 2 predicted to decrease oilseed yield 27-35%. However, we controlled volunteer barley to prevent interference and associated yield losses.
Yellow mustard had greater seed yields than canola for all 3 yrs (Table 5) . Effects of tillage system , seed treatment, interaction of tillage system with oilseed entry, and interactions with seed treatment were not significant. Oilseeds were subjected to combinations of drought, excessive heat during pollination , and late June and early F, 1 . 14 ) = 0.57, P = 0.53 F< 1 .14l = 12.97, P > 0.01 F(1 . 14 l = 0.00, P = 0.96
• O = no damage, 1 = 1-2 shotholes per cotyledon , 2 = 3-4 shotholes and up to 10% cotyledon damage, 3 = 11-25% cotyledon damage, 4 = 26-50% cotyledon damage, 5 = 51-75% cotyledon damage, and 6 = 76-100% cotyledon damage. Fc1.15l = 60.91, P> 0.01
July frosts. However, yellow mustard yield was superior to canola in these environments with low yield potential. Postharvest soil residue cover from zero tillage plantings was always greater than in conventional tillage plantings (Table 6 ), in part due to the higher levels of barley stubble in zero-tillage plots from the previous years' crops. Yellow mustard had higher soil residue cover than canola in 1999, but not in 1998. The effects of insecticidal seed treatment, and interactions with seed treatment, were not significant for postharvest residue cover. The WEQ Model (http://www.nm.nrcs.usda.gov/technical/tech-notes/ agro/ag55.xls; verified 12 December 2005) is used by USDA, NRCS personnel to determine if producer fields meet residue requirements to protect soils from wind erosion. WEQ predicts that about 30% residue cover is required for prevention of wind erosion at this experimental site (pers. comm ., Rick Caquelin, USDA, NRCS, Stanford, MT), and all entries in both tillage systems easily met this residue requirement.
Plant density was always adequate for oilseed production in conventional and zero tillage systems. Seedling damage by flea beetle feeding was minimized when an imidacloprid seed treatment was used, regardless of oilseed entry or tillage system . Zero tillage seedlings suffered less damage than conventionally tilled plantings in 1 of 3 yrs. For dryland situations with low yield potential, substitution of yellow mustard for canola or utilization of canola in no-till systems may allow producers to reduce production costs by foregoing use of a seed treatment. Both tillage systems produced sufficient postharvest soil residue cover to meet NRCS regulations. 
